Iranian Food Science and Technology @ ;
Research Journal 3
%,

Vol. 14, No. 5, Dec- Jan 2019, p. 725-741 e s

iy

il lie asboo g pole (laidgly 4 yid
725-T41 . p 1397 5~ 31 5 o lacis 14 ol

Lot g (SSKES 53 Olmasbiofng (B wan 6551 9 a0 Cugb, 0w oo St

L > d‘-"gf‘w J" Py ria|

4J¢...‘3..\.f S0 o> F —39..\3)&; seewle Ciw g —zb\."g\? sl Lo, —l*e_gls dasws
1396/04/23 ;s\ 4s &b
1396/12/24 : 3 .4, <3

2>

w2055 {ANN) e gian nae (aSed by, 3l dtgy (S Sts Sy 5 ploradly (9,5 (ols 3,9l yglaiods (Giagly owl

caw 4w (719°C 60 d5) Llod pdaws dws ;> (13,5is w01 yb b 0dlitul (GWO) (6,21 S5 10,63l 5 (PSO) il 0355 (5 lurdinte
28,5 )8 odlail 3)90 GWO 5 PSO ANN (slaJus 3 cohag (Brae 5 5 fge Cughy G5 capd (g 2 B399 Oy
Canddy ol & dogi b cd S plonil awy 10 (%d.0.) & oles cogby &5 Slej B 1025 (Hd.b.) casb, 5l lomesls 19,8 Sis (sl L s ol
55y (sByre (55,0 e (oS piman 5 Jols (1U/14X1078 M2/S) oloeesly (olys (Deft) figo Casboy (i cupd ey yides ool
o ang b ol Candds 1aodls dcgosro g dbogsye (slid Juilianl 4 dogi b odlel aiges 27 o1 51 s el cowday 130/62 MI/kg (SEC)
i gt 3330 3 J 30 (MAE) llr 5105 (5o 3 (MSE) 1o ey 55 (RY) s oy el o9 sl
coys 51, 0/9994 50/9996 s s GWO Jao (sl R? Jlaie ool cowdas zulis &y dogs bbb Olsssl i Jdo o yikg g 18,5 1,8

9 0/9992 el A )J.)LQA k)”l oS qu> Bl <..\M:lJL;c LQJ_\A ).:L» A Cod GWO J_\a OO ¥ b_\.\_m.)ul.\.w uj).a.a d))al 9 ))}o w9]o) w.}o
9 Deit R dl)g (8 Y pu.é)]o dl)lb GWO J_\n PN ULM; C’L" ol Cawddy ANN dl)g 0/9988 9 0/9990 9 PSO dl).g 0/9991

A3l e e ;505 b awlis )3 SEC

GWO 5 PSO AANN w0355 (b pas (555 cfige Cugloy iy cups o)bredls 15045 5023514

SIS Gl plomedl e yos o3l S > > il Ly
Y gaxe g9 ol ) Gl cnlpli 2dloe g3 sl
CadeS g Sloylsl o> sl (9,5 Sid Jolite sl by Sl (s 5
L oY g ame ol odd Sid L3905 odlatul o o byl oles
g dlan I lalié Gilises glyil ,> Cilisee gy olys 2l
XS (o )13 o3liel 3)90 008 5

sl ookl 5,90 (Sl gy (o8 ) (o (25 S
aulyd b yd aib e Slou s g b ogee o8 Dlge (oSS
DL isliS Jsmamo Ly (i ools Ol (0,8 Szs
L 2Ty Slomyl g UpunsilS)lg Sim 05y 1Sl a5 g 005
oo o oS Hloj e g oty JBls &y Cgllasl o lewsds
(Beigi, 2017) aosb o ()il log jw 9 Livogse ¢ olis
L 5)ysliS” Y gumme 3, SSid D0 40 (g0daie Silalllas
{Aghbashlo et al., 2011) zgn s ile duwgy 5 Sis
Aghbashlo et ) ze» (Aghbashlo et al., 2009a) _iwojcuw

doddo

e jl —So (Solanum melongena L) ;lsxesl
b g e sby 0> g (aliwl (slaygaS I3l ) Slow
gee Glaa > Glomedl QBRSg (05)5 5l (S o]
bLS o dlss glgl gsls lmadly (FAO, 2010) 3 0
Sl 5 g s ol a5l asb e laasgiaMs g Sgid ke
AMiri ) 13l o 50,55 5 oYU 4, 5l Ol jw 10 gle jo b
(Chayjan and Kaveh, 2016

(b lie 5 (55598 23St g Sl 1> (gt -1
Al eyl eslass)) siome oSl
Had dis g oS (oumg sodige 09,5 ol -2
)] BEe s ol g wdige 09,5 wliwl ~3
isbied)) Bme aaed oSS (g odige 09,5 lutils -4
(Email: sirwankaweh@uma.ac.ir : Jgtwe ot g =*)
DOI: 10.22067/ifstrj.v14i5.66106



1397 55— ;57 Bojlocs 14 alsr oyl 1l 13 @slio g pole locddgs 43 pis 120

Joms 2 51 sligS At plaindy s ) ol 3 i
Wddity JKB 5035 9 Lol e (SLSU yoasi 5 B0y Glojen
Sl i slad @y PSO 3 wsd v a8)S K
940,00 pilo Csd o (glad (o @l e ok L Ned e
0357 y 505 Cauabye Cplpls ol LB Luod 9 olidgs b
Ao A8 o 4310y S s (Sg S (g5, @l
ol aS cal pemiue a1 slasl s, ol ojle e
2 9 35590l e S0 Se Sl 0l S e e 3850 (Pl s
gy 355 HBolued iy Coows 4 ool Cawddy LSl (slise
0)d o alisd o > a8 el gl fuol oyl 1 PSO LIS ol
0gSL &S Sl (pyig 4 2295 b goian sLad ) 03 S
Ol S lwer | S 0 aS SLSe pyins g cd a8 )5 L3 4l o
(Kamboj, 2016) 1S oo walais 3,13 392

w5 (GWO) (5 3uss 5,5 (lwasinne oy
oS 5 bl e bt S g (sl o5 5 lS01 3
wi2,5- 51 (Mirjalili et al., 2014) el a8l axwg (2014)
Ohgy Gl Cixpb 3 g8 B S8 G s, wlis GWO
4 lsio (Canis Lupus) (¢S5 S5 5l ab S ploJl GWO
A diuy (SN 0 S B S5 b o bl oolgls
»a, (Medjahed et al., 2016) 1uil o 12-5 05,5 S, o)l
Dlss LS 13,90 53 (S el Jsto 9 Cund Wl 5L oS 095
S8 4 spSpeenas )0 aS Ly pbay pgd S5 Al o g 6
poml SIS el Wl 4 bbb 55 a8 e oS Wl
@ Sledbl ol ol asbg g3, pb Kel (¢ 1S5 5,5 canas,
Ly (g iaSle 55 a2 |y My yous il 5 YL 6laiS S
Olessdn Wo S8 i )b blus Kel S5 5 9 298 0 040l
Sy o ol olB oIS g LS5 UL o Kialiy
(Sulaiman et al., 2015)

etal., 2016) cewl 0 7y 4 (S S5 IS5 3,
:(Medjahed
Aasb Coow @ dles (2) 9 dedb codl g 5l

&L eitie b wgl coias uac baSd jl ool
od ool wl (655l LY g iaze 40,8 Siis Sluogad ¢ly
ot 1y (2014) o Sea o Amiri Chayjan :ales 5l ol
o3litl b LIl 039 (B mo (55l 5 g0 Cagb) LSy apd £
S sl (2010) ))\Sen g Fazaeli <o 390l oS St
oty S SLts ) ool b g oo lendsSased Slooguad
(S SLiS F5 w1y (2012) (),Sen o Ghaderi
oS Sis jleolawl Ly z,L8 0, S'sid cyoby Cuus
«ly— (2015) Amiri  Chayjan 5 Kaveh 5 -0 5 =g, o

4y 4 (Kaveh and Amir Chayjan, 2017) L3 (al., 2009b
ol 013 plsl (Amiri Chayjan et al., 2017)

P Clowloe S5 S (ANN) (o 5ime (oas slaaSid
b J> gl o sl bl 0 cleMbl il 51 pldl L
ol sl el 03,8 oo Cuyo b pusize (slacit, SYLe
O Sl o cad Ll s3h0 saJbe 1Pl L laass ol
aleMbl jojlyy cowl (i sbul 5 (63530 elaio & aesh
Lwgy wod Ojgar & o3l (s paie dix (B]by e bawg
3l aSs 4Y )3 s clo sk b oS lyisdy 5 Kt
by cul uae slaasis (Hajihassani et al., 2014) uloas
e slosbe i b 555 (L 139000 o Ss o
o Sl 5 (g e g Sl ool (2 ¢ (s 5lone 450)
ErSolB Candg) silodlb @l (B 5 (Lhi9el wssl) Wagygy
(8 (e Bl (939)9 @l S 48 sl (995 51 S o
9y L silwainge (9 SO (ANN) (egine (uac slaasis
o sl Lo 5l slasgazme (595 g o B g ol a0l
(Saghatforoush et al., 2016) W ¢ 5ol ysiley JSlus

Wgd g0 guaiib Lol dtud w4 )5l 15 claes S

018 (gjlwded Bl 1S pb p (ke sl Sl (1
lwaiare wi2)s S (GSA) (1S syt w5l (SA)
(ACROA) (s5ias (alsand 1251y

LS 4588 el 5 S (S1) (23 8 ign o2y (2
@l plodjl (silodinge (ACO) 4350 (SolS" (sjlosing (BA)
(ABC) osins s 195 55 5 (PSO)

S5 35S DE) Lol JolS5 LSS (slags o5 3
((ES) Jols5 syl 5 (GWO) jluticge 55 55 (GA)
(Amirsadri et al., 2017)

(i yol 3D 48 Sl Gl (uold e ion
Pl (o> )l 5 Suloi oo ()San o2 b (oo joboay b fole
A Do d S5 kel p o Sea S cel daJole
S Sy a0 15 pae s ] o el 3550 5
45 3l s (5)Li0 295 (Jole) 0,3y bl g (5 el
2lo b Cunly (o0 9 5 <8 o ool (gLad pulw )3 Slgioe
Dhod yreie (slagi oSl sl awaly oyKen (b Jole) @)
A3l oo (6 S B S5 wha el g SIS 0395 (iludingg orex

1995 Jlw 3,1 gl sl @3 0355 (5lwainge oSl
Eoiws sy SO yleieay Kennedy and Eberhart by
S 5l wiayoSl cnlcutS ik (b siledinte lp (a8t
ol 0 428 )5 plal aidly oo lie Jlod 4 &S” 5By ren dwd
S w950l S PSO  ,9-5 . (Ghasemi, 2016)
wole 9 By slaatos cloinl jld) (go) jl &S cunl elozs]



127 . 5 gloredly oag (o8 o (6551 3 g0 Caghy Gy ot b ity

adgl Cagby Hlude E ygl g, 5l ookl L 70°C slad 5o sl
(Amiri Chayjan and Kaveh 2016) sl couwday o Llxesls
aoloeo 1025 (h.b.) ey s (gl g b lmosls adgl g

o3liu] 3590 Ol5ae g 2Riglejl oS s
uIJ._AJb LM_AA’ ‘_;LC9_J ol iy [ R T 09)5 )0 dg>90
1 s p onlil 5yg0 SSid Silad (slos .193,5 ool
aS Wil o atb dw glib S Sis oK LCawl osdi 00l LS
Gy 9 (§39)9 Slyp Sy (83909 Slo slod b pn >
3,8 ned S ol ddls o it o BB dews <S>
3993000 28y 2 i 5 ol S )08 L ety L5 5 50

Aw b S SO (bl gl sladiged o9y 4ids
bl e Gygo oy olKied (pl S IS Jaol S (b 1) dals
oasuie oy e > ol dils (glanl 4y a3y 51 day lge &S
255 (039 L LB s 5 03,5 £S5 > dous Loy &y d25 L
po—w 4ib 4 pgd ddb jl S (et 4y g Wgdi e pod il 3y
Iy 2lgo 5 osds oaly j1,8 (6318 Jland sladsiws Glab oy Lo 0
Fral lwg odied sy AlS Colia ddbs o 4y 39y gy
2 S Sis albiste (63959 slod b o JuS' S go5 L
b g el @lgghS 418 1lgi b ol is ciall 16 owgs aibs
b o S 0H/1°C S8 cubls U (olp) copnsl) liwgo s
daiee s 3 )5 slon CEIESH @9 sl 52909 lor JUK
Gls Jlays copan jl 6 pSsle gl i gl Ssis

A edlal FT S Gy byl b

wimy (Bman $55l Fae Csby LSy oS (e
Sodlaial Ly sy Copgbo) Cous 9 (375 SdS 255 ((SHS 92
3903 o3l (sguae mas (SloaSud | Jlw yie (S SiS
=i 33 PSO § GWO slaps oS jl oslawwl 5™ Jls o
Hlazd S5 )15 ookl )90 jeim 03,5 Sis anl B

3y90 30 (gliwyy s )§ g lalllas 4 a5 b Jbb ol L
a3 (e Mgy oSS by plredly 09,5 Sts 4]
i) ¢ 2 gtimn uas (slaaSud b ag] 2,5 St (sl sl
Lol 48,5 @90 (638 S35 wipslll g O)S gilodie
9 O Ol ol 1 Bus ot plo (g s 4 oy
Sy ity cupd dex I (02,5 sladasiie iy
OS St b (3 s I g lxadl 09 (S 55515 90
w25 (ANN) (ogiae nas laaSed jloslitul b dtmgy
(GWO) 5y 5,5 2,58l 5 (PSO) & (g5luvaine
A5l

L g, 9 3190

2 e il I eSlsse S5y g (Sdee) 420 Lol plresl

Cusb)y GEalS | S al> (sly 3)5 and g silu B len 1S
gar pLosl oo U ialol 3)90 (sladigal ¥ guaso 4l
L Jbwso 30 ) @il oot Sl 93 S50 b il
Oy yolaiods b ytalojl plosil (gl a3 (5 leSs 4£1°C glod
o Jl 2508 5l S8 el 93 adigas (LT (slos &
L oo alato 5l LS ol jl odlatwl b ladiges .0 0
gl Cosb) e (sl Boe 03 i e dw Cualis
24 oo 4 a8 i odlil (0)5 20 (gl g (sladiges | olredls

(6 30,8093k o (5 dows (4 SG 5 (3 (S ySUN 2.8 0,5 (2 595909 58U 9 40y (L 1 sixino dond diwgny (oS S Silowss -1 JSUS
(12 geuwlod (11 Cugby g bod jganins (10 biwsgo 3 g 53 yol (9 downd Cus o J S dmiuo (8 J pS doduo (7 Cugb 9 192 9,5 Jowo
ol (15 Jgmels (14 31,5 (13 guwcusb,

sl asel e D id s d i o J S B ggs L
(20 Lo 80 o oy 5 20 2 Jobo o0 205 ¢l o5rsas
il yn ) ol Jsb g e gls 20 bdans (5 (rizmen 9

wheoly s panse f Sis > edlaiwl 350 sl T1dens
100 (i3 2 olise 9 56 ol S 0l L ysise o Lawsgi g o
gl bwg S (1) VFB6 1/100) ouss awms > aids ;5 44



1397 55— ;57 Bojlocs 14 alsr oyl 1l 13 @slio g pole loeddss 43 pis 128

(aibs 2138) a5l p jio oo 10/5 sy y93 S (sl g (483D
S Jobo

O35 Suid g sizse 3l

Cogboy 9 (ol Cughy cadgl Cagb)y 4 dn g b cughy o
oy gt glomasl (3,55 g > did o 3 Ladige
(Junqueira et al., 2017) 15,5 aml>e (1)

M, - M,
MR_W (1)

2 Cashoy Canms Mo (4n 598) Cugly Canms MR (gl 55 &8
b 2 (Pl Cughy g adgl Cugh i Me g Mac t Lo
Sl e (db) Sis

Mo ctungy (S SES ) b Sits Vs slagle sl
ol olpls Wb o So 68" (s Ma g Mo polés b duslis > Me
‘(Darici and Sen, 2015) xS o oy 2 py3 il 4k,

MR = s (2)

M

0

F9o Caghy (iSy G pb (mdd

o b gloasl 1 SLaY bulys ¢y Kb pgs 96
Cagby JU! Glgie )lid (LS ggemme g Lod Sl (o9 2l
3 aSol (58 b S Chog |y (0,5 Sis anT B Jgi alsye y
9 b Yoo Cogby (it o b (el (3,5 Sts w0
Kaveh ) sg05 anwloee 3 alaly 511y o Jlade oy oo ol olaid
(and Amiri Chayjan., 2017

In(MR) = |n[MJ _ In[%) — Y
M, — M - aL

Aghbashlo et ) cuils paples 8L 51 5 WS e, L 5 Lod o
‘(al., 2011; Amiri Chayjan et al., 2017

BB Caglo) s sla Y oo 3 olomesls g sia Lo 150
ol oLl 30,8 jadle daxdl jI Jol dlsyo )3 9y (pl sleyls e
O slp ) 3l (e Cugh) yuie (IRl &S
Jlazms ojls S jl 025 St Jolye (e ) bmieiges
A odliwl p )5 0/001 SS&5 a5 b ()5 AND GF- 600)
eSSl alaise 4 (£39)9 slod ey (65031 (gl
Olpls i8S calu (YK-Lutron, 80AM) oy gl
abaims g layee (glod (65505l (gl 8 )5 )\E aolatul 500
~ e Cgh) ol Sl dgn (o Cugbo) (imen  STISES
A oslawl (Lutron, YK-2005RH, Taiwan) s ,5g) gewles
g g wgmnds 430 75§ 60 45 L lod o duw 3 Lgeislojl

A plosil 4l yie e

bl elosil g
Celin mas Sl 4 S S o5 daioles] g9y 5l b
b ool o vy 5295 )l Jobs bl @0 b sl
A5) oled o dw ;D yio (Jus dw cuolius b pledl sla oy
5 (2m/s 5 1/5 g 1) (6399 lon sy xaws 4w ¢ (715°C 4 60
9o (10/5 mmis 4 6/5 2/5) aeus as oy prdaw dw
5 ookl b pasuio Sloy Juolgd jd gyl (59 i g 8,5
S Lagiolejl wolp oles coles o 3,5 e Jiuoud (o5l
e cugby &8 Sloj b xadly (sl 1025 (%d.b.) adgl ol
3 b iles] oled s o Bt Aoy o 10 (h.D.) 0 lxedls
S a5l g2 oo 25 deus e po lyy 285 plosl 1S5 4
3184) a5y yio o 6/5 ey (sl aids 10 dows <8 > 493

X

u,

r

D eff

417

ciai L 3c2 L) adslee cMas sl N ol pas
{Pls) Jiso couglo) (154 capo Dy 5 (M) tises ol
(MVS) dos S > e yas U, 9 (M) Ao (59, Cunmbga X



729

v plredliofig (S pan g5 9 Fen Cugh Gy Copd (S

gy S SIS ofyg (Bpao S5 SEC 0l 20 &S
JS bt (m¥min) (Sis Ul 4 63,9 slor Q «(I/KQ)
o 93959 sbod cigan Top g Tip (aiids) 00,5 Cts
oo Vg (KQ) py Jasl e M, dasee glos g oS Sits
W oy le)S cubils cia €y C o milka) lse o
kg ) lgn sllao cogb,h, (1828/8 4 1004/16 J/kg°C) lga 4
b o (vapor/KY dry air

s (mas dSud (W90l Ky, sk
2 S > Y Ay gy oras b (goges Bl
OB gy i) s dl)’. S Oﬁl 5l 05 03 ul“”
slp 8 Jgl Y 53 (9 aw b oy (Brae 55l g Fge Cash
9.635)9 Slod ey (6399 (slon (slod dlox jIla £39,9 dhxi
=0 Y ) uioren b edlatel Cusl 038 dews oS Cio g

(0329 (Brmae 50l L pige Cugby 50 cupd) 9y SOl
MW o

Input layer | First hidd

layer | Second hidd

X
72Dy ——

8 U
MR =| — |exp| - ———~
(71’2) P 4172

(5)
b opl b 518 (golue g (loj 4 Cund IN(MR) o)) L
(6) alasly 31 lssiis ) 395 gy o(3) alad PUL caps |

2 J
0329 (A pa0 855!
Sl pSshs S 005 @l sl 3 2590 0y (B 55
55l Olyeds dagn (S S okl b ploxadk ¥ guanma |l

2ysl Cauvday

(6)

Dy
(2

ul7‘~°->l-‘ J}\m dlﬁ J JJ;& UL) (SEC band ) 05?3 L_s'e)“m
Kaveh and ) 1o s cowsds yuj daly jl dtwgn oS Sits )

:(Amiri Chayjn., 2017
(N

T
SECoand = Qtw (Cpa +vaha)

layer \ Output layer

Air temperature

Belt linear
velocity

Ol 4Y 93 LANN L Lw -2 IS5

A bS5y jlai 390 slaaSd
oSy ogimn (e sloaSid (higel T8 (b )
I8 Ubigel adz s 50 1y oy o bLS) (oibjsal (slaosls
odlas (293 polie do 0a b dupin il (pl U355 oo
ol s o gllad polds | Jols sllas ji0lae 5 Bgd Soo5
Sl olaiy slaa¥ ol sl S 5 syl 235 18
Db 4 5 S (hjsal Sul® (o 5> (sl 452 dlass ey
Neural Network l53ls,5 ;| 595 o e Llas g g0
&l La Jdss plsl 4ly 5 Toolbox MATLAB (ver4.01)

il (il Jld @ly b 4 dw g 9> Gy 4Sud S

Sloiysy s 88 5 el 390 ogllas 5L e (8l
D525 03 s 20 U aw I (40 90 9 40 ) She aY
Szl s aSes 90 31 Lilesl 3550 slmodly 33by jelateds
5 (Feed Forward Back Propagation (FFBP)) ;o3 i
Cascad Forward Back Propagation ) g, Ll s
=S s hjgel LSl izzen . oalisl ((CFBP)
= w25 5 (Levenberg-Marquardt  (LM)) o les’ )L
Loy ilwplXiue ¢l (Bayesian Regulation (BR))



1397 55— ;57 Boylocts 14 als oyl 1l 13 @slivo g pale loedsy a1 pis 130

silwdinre Ghgy S (2 sibworly 9 Sy sl Gl g gy
5 Slolxe glyy o8 abadls 4 5L (3 g (o)l gly wal,l8
S5 wi s b dwlie 5> ool (gl el aiz yualy

Ot Sl i 3 48 S 5l (g S Sl PSO
2 Opest ) o2 5 (Rest ) (oae baalyd e Jolid cunabyn
(Karakuzu ) asb e Jlue o slp > oly o yiae (bl o0
Cops oy o gl 5L ya 3 K0 oyleas et al., 2016
45 Sl g Ol WS (0 C8 (355 Canbge 9 (e
oy |yl Js )3 %) Job 1 ok 4 Gy g CupnBige
:(Hasanipanah et al., 2016) 1S -
View=W*V +CE (R = X) +Ch(Gpes = X)  ©)
Xpou =X Vo, (10)

e 0 Cpbge g ghm ey Kigy 9 Vigy o 22 &5
sl 1 g il o (b Coyw (s coyud Wil
35wy i 4 Gy 5Cp sl e [15 0] 0l o ols
OS5 45 (oo CumBigo (p ik g (69,8 CsBye )y
lazils

(GWO) (5 uSls 55 0
by sleinl il b Lol saJae (i ol

o g ol Colhe dludis ol 0uds &1yl dasbs 4y dlas g0 polore
yobaiedss Canl oad o3> lis 3 S5 0 (g SE S5 K5
PLSin 53 L 5,5 51 ol clys alk b s oo
o oy cpsite (@) Wl e o o s GWO ol
Lo oy 4 25,b ol (0) W 5 () ke ity pows 5 g
(cs5lwaiage) St GWO 52)6801 )3 39800 123 (@) Sl
Iy S5 dw oyl 0 S S g095 0 colin § g B bwg

ot g CiliSe (egune (mac laaSd oLl g (Sb
A odlazwl 0 S Sid gla oyl

g oo LSis anY JRTRES 5! EGuas ouak sl
P (295 Y 5 (939)9 4Y i oldl g ol ey
olai oY 93 b S cul e Y 93 (pl oy (pizmen 55D
:(Mahjoorian et al., , 2017)

N
X =D W, xY, +b, 8)

i=1

(29 Y Loy ol N GLasl py slaaSids oy

ol oo By g ol g (298 Y 5T Y o gy Wi
48 (2l pdlie 5 Loy ol tjgel wuld (o el pl] Y 093
2 s oo igdipe ol Gl Mol 355 pex Lol L
e Jl ey 395 e (1S Lad B 08 (o0 jS (g
S o ol 2ol 4y g9 (g3l Jlab @b S s &St X ya
WseSw @b (gilwJlad ol aw | aSud jlidle (g5ludings sy
Sg e ¢l (PUR) (o 2L5 (LOG) (o )LS
15 o3lizd (TAN) A geSsus

(PSO) 1,5 a559 (5 jlussinte it 51
Ly el b oyluslenl (LT (gjlwainge b9, S PSO

5 0B%n Jle plysar Sllgs soaisS i (S ol slo]
Chakraborty et ) 155 sl o pooxa hé gie S 4 &S 2o
4 Lab p Sae Jo oly SO glgieas 05y PSO,s .(al., 2016
a3 ld Canls mU S ol L3 L gjlwdings 23y oo goiue
9 Hasanipanah .o slosl o)) lsieay (B85 plas (gl o
S plesds (PSO) @l plssyl sjluaige (2016) ol Kon
Jeloinl g (BUd)ld) 4538 (Bpee Cumen p (e g5l
0SS (LIPSO jlosliad (cLilje .ol PSO 5 plss

SmS e S5 5150 Ao 0,0 -3 S



731

w2 olmedliofig (S pan g5 9 Fen Cugh Gy o pd (S

X aisb e ol slayhy C, C, C, ol o as
Ll 5,5 cadge X | aimd o abasd ja 13 1) soly cosBge
Al oo by )S5 b Tosiiuan Solas oy Ay A, A

Gy g ey LinlS el aodl il iy pas 7\19‘41
sylaie o izen g Glarlyd i Sl (609 sl 9o oS
J—s GWO 4 PSO ANN (¢l Laodly (o)l (g5l ylawss
3 i i S8 31l IS ol o 90 plosl sl Jloy
aayly 5l eolaiul 3yg0 slaosly (gilw oy (gly 33,5 oo ayjg >
(Armaghani et al., 2017) 15 48,5 o o0 (18)

— Xi — Xmin (18)

n
Xmax - Xmin
o dly Hhaie X cpelyb o Jloy lde X ol s o

e ateS Xy g 5 3550 ytol)ly e atpy Xy el
bl 5 3)90 sl
ANN (zhas 5 5y0) $39)9 sloyiebly jl s paizee L Jgao
il s (o platedn ams o Lt ], GWO 4 PSO
o b3y g 5590l dted 93 (slodls oKL cilisee (laaSiis
wlaaSs obs)l clp (Bolas jsbas eSS %25 squs .
oLl 4 ojgal yglateds (U75) Laodly auds g oud yoj9e]
Eran S50l g Foe Cagby ISy cupd moby lp Na
(0315 ) Lmodls suoyd 25 sga a5 s oolissl 0305 27 luss 039

dasbs 0ol (b)) (6yuS1E S5 (558 leMbl 4y asgi b
5 OYoleo 0 poloe (b 5Ly (gl Jdo (gl A5 0 S5 )
(Amirsadri et al., 2017) cul oas &1,
D=|C.X prey (t) — Xoworrt (11)

X aworr (t+1) = X prey (t) — AD (12)

Mgy C A A e L |y LS ol t ]y &S
6 A gy ol dasbs 5l cuxdge oy X pery At
Bgdoe dule pj ©)jgod
A=2ari-a (13)
C=2r? (14)
P& e e (i ) S S5 S cusBgo )_(GWolf
M1 gk e il 04 2 1S5 0y Jsb 5 @ el o
S5 S0 nlply titen 1 g jio oy ool sl T2
2 dosb Gly bl glad 3 )0 1) 08 Cuxdge ST o (g S
Sy s (14) 5 (13) ¥alas Sl oslisal L ool S s
A8
B9y Jgtme W5 ¢ b Wl (oS3 s SOVL p> &S johailens
(o2l G 4 S e Jon 1) LT eSS ey 5 adl oo 508
Slenjgsin y ©Yolse jlosliul b1 598 CusBye S S
(Medjahed et al., 2016) 15 -

- Du=CsXas-X 15
8 oaliil )50 003 hjgel &S (L)l sl (Bolai sl 3 ‘id i i‘ 3
O Dy =[CsXs-X]|
5 PSO ANN 5,515 b)) can oyl oS el padli Ds =[CsXs - X|
O i dlos 3l gl ylire 158 o )48 eolatwl 3,50 GWO .
e R Xi=Xo-A.D, (16)
e 5,Sles CutS o glp (MAE ) Gllas clod ,Sileo 2= AT ey
Sload )5 )18 exlil 590 yimgl ol 5 Xa= %o )? D5)( X
X(t+1) =227 32+ : (1)
GWO 5 PSO ANN gl (295 9 53959 sLielily 51 (51 aoMs -1 Jgar
PSlas BEIKES 83, aslg alod ol
5 45 sy °C T, Sy Slop gled
2 1 IR 'S \Y $3925 Slgp cs o
10/5 2/5 K959 MM/s U, dows ad ey
340x°  113x10°° 4,5 m2s D Cagby Sy
474112 130/62 9> MJ/kg SECband 37 u.‘?)..an ng)ﬂ




1397 55— ;57 Bojlocs 14 alsr oyl 1l 213 @slio g pole loeddgs 43 pis 132

Jo ol b s Sid 453 45°C slod I yim yw %136 75°C
9 b JgSlge itz (6551 by e 4 Cagb) (S i
OIS Sid (el gl .l Giolidl gy sl a8l
Kaveh and Amiri ) w2l (Horuz et al., 2018) o
o jum ((Aghbashlo et al., 2011) z 4a (Chayjan, 2017
od3 y3);5(Doymaz, 2012) ,Ul 4 (Aghbashlo et al., 2009a)

Pop cughy Gidy cups
bgi lomasly sl (Det) ige Cagby (i cops polie
Yoo Cal 005 03l 5L (2) Jgio 53 g 4 drloro (6) dloles
Y game (sl Lagilejl 3 Jse Cogb) (isy o pd polie
wil o 1012 m2/s, 1078 ) sxgusme 15 (lis Slge o (5yslisS
9 oy (2) Jods 40 445 L (Kara and Doymaz, 2015)
e yan olomedl sl Jge Cagb) Wity upo e yieS
e oy el cowsasy 3/40%107° mefs 4 1/14x 1078
3939 lyn cLod 9 10/5 MM/S dows sy )3 iy oy
SS9y yd b dusle 2 MYS (639, (Slgd s s ¢ 19°C
ey Gl g (639)9 (Slgp Cas o g Lad LI L dtgy (35
Cgboy G159 Gapd Olie colbradly (b S 4518 )5 dans
2 Py Sonsby (S cupd polie o ieS . C8L SRIEI Hge
doad Cuo (S g Lod (p Sl 0 g i (slacis
oVl & by oo gl (5 G pd i 9 el Sy
o pd Al o dond CS > Sy Cpyid 9 (52909 Sl lod
Loy iul38l b oyl (S dlge oSy g Lod 4y g0 Cugby iz
Foe Cogby S i (e gy oS SaS B
2 $39)9 Sl slod )b U Al ol £989 > 905 )6l
Oieli8l Y a1 T 5 (aljdl (JgSlge iz slxl
Ol Y g mhaw (Jols cusb) il g (aw iSe
(Dehghannya et al., 2018) wib o Sgo Cusby Lisy o ps
o 3b otaliie @b (65y9liS Y gaze ;053590 )3 (Rolie S
Slso oy {15°C 5 60 AO) (5399 slales ;o piliis (sl
96/5 2/5) an s (as ey w5 (2 MIsy 15 L) (o399

L 8/37x107Y0 oy ge cusby L5y wups (10/5 mmis
Kaveh and Amiri Chayjan, ) sl ¢y, 4/82x10° m?/s
{75°C5 60 45) (3959 (slaled ;> od9a0 ;> 4ty (slp (2017
2I5) aous (Jad oy g (2 M/s5 115 L) (63959 (sl oy
B/48x10°M -y 390 casby Lisu cuyps « (10/5 mmis 4 6/5
(Amiri Chayjan et al., 2017) sl oy 2/34x10710 m2/s s
{70°Cy 60 50) (5395 (slales )3 (imajimsms Sl izean
Aol u—]” Ceypwg (1/5 m/s9 1 ‘0/5) 5999 L5|9_m sy

o Sl ol 1) e 33 dlas Slaypo uSibe a3l

L a5 (2l )90 00 (e ol 5 (HBly plie

yio 4o MAE 3 MSE a5 as n ol gl au asg

O 58 M!Sy azdly 5005 a0 4 R 5 5o
(Gordan et al., 2016) > salgs L)l

1 \ (19)
RMSE = \/W;(Xi -X,)
N N (20)
|:Z(X| - Xmear>2:| _|:Z(X| - Xp):|
RZ — i=1 _ i=1
|:Z(X| - Xmear)2:|
p (21

N
MAE = =3 (X, - X,)
N 3

X 2iwn SEC g 9 Dy polibe jloais i pias

mean
il ee ol JS ol N g i pdlie 1Sle

el cwsass 1025 (%d.b.) sgas ybresl gby (clgixe

4 Js s S 10 (%d.b.) cogby U olredls (sladiges
L il e (M) 0ad (b alold g Cogh) s 4 baajo jbges
o S S il L oS ol Ll ol (S 4 da g
oAb St ol g oad S lredl I Cugb) z9 b sy
b Fy oyt @b b YL slacie o jo gy cpl.cdly ]38l
Gy yd ububb le)_J 04 ‘_5_!9 dold L}J)J»Qf ()"L‘)] w‘ »
sy 3 08 b Aol oy ¢ 368 5L 2/5 mM/s acus
s g 19°C clod > Jlo (slp ol cows 4 10/5 mmis acus
3 img s W10 L5 205 o oy il 2 y20 2 (6395 (Slg
1 ol 4 oie a5 (LY 5 (S s Sss 1005 aes e oo
Ole) Wle Jpaso cdows 8 > Caspu yidlS b &S 5oy ol A
OiblS el 5 dgu oo aild oS5 alaase (9,0 (slod jo 1) (g by
S o 50> Sl & g Indiges Caghoy ol iy
Fhad Caby pialS s Ol g ey e Jll el dans
Oledl oads (b aliold (6345 (slod inli8l b pizmen e o
Aulyh oas b alols 5 Yob 45l @ il LialS
015 b alols s 5elisS 5 45°C (olos by 3,5 Kis &y Logy e
» a2 Glon glod 1 Jlie (glp 39 T9°C (slod 4 gy o a3
slod 3 ons b alols 4l p e oo 10/5 acns ey g 4l



733

w2 olmedliofig (S pan g5 9 Fen Cugh Gy o pd (S

Moisture ratio

Moisture ratio

Moisture ratio

v=1m/s, U;=2.5 mm/s

—-45°C

—8-60°
08 60°C
—4-75°C
0.6
04
0.2
0+ i T d
0 20 40 60 80 100 120
Axial position (m)
12
N v=1.5mf/s, U,=2.5 mm/s
—4-45°C
08 --60°C
—4-75°C
0.6
04
0.2
0+ 1
0 20 40 60 80 100 120
Axial position (m)
12
1 v=2m/s, U;=2.5 mm/s
—-45°C
08 -8-60°C
—&-T75°C
0.6
04
0.2
0+ T
0 20 40 60 80 100

Axial position (m)

120

Moisture ratio

Moisture ratio

Moisture ratio

(2011

0 20

o Poee Cgby Lisu cu s (3133 mm/s,y 2/78 2/38)
Aghbashlo et al., ) 15 ol 8/98x107 m¥s s 3/21x10°7

1 v=1m/s, U=6.5 mm/s

Moisture ratio

40 60 80 100 120

Axial position (m)

1 v=1.5m/s, U,=6.5 mm/s
45

2
©
[
=
2
o
=
0 20 % 60 80 00 120
Axial position (m)
12
v=2m/s, U;=6.5 mm/s
B a5
o
-8-60°C =
08 +-75°C o
[}
06 5
@
04 =)
=
02
0 T n T T T 1
0 20 40 60 80 100 120

Axial position (m)

1 v=lm/s, U;=10.5 mm/s

Axial position (m)

12

1 v=1.5m/s, U,=10.5 mm/s
—-45°C

0 20 40 60 80 100 120

Axial position (m)

. v=2m/s, U;=105 mm/s
—~4-45°C
08 --60°C
—4-75°C
06
04
02
0 T T T T T 1
0 20 40 60 80 100 120

Axial position (m)

W2l 8 Jab )3 dow (b S w5 (6399 (ST Caspw lisie Tabauw 43 (lomesl Cugb ) a2 (53959 Slgp Slod T -4 UK
Obmedls (3,5 Sk

Olmodly o 557 s 53 (M7S) Cagbry idky Lu po 3 dowd b St g § (65959 (STad (SLd (63959 (Slgd o g J1-2 Jou

10/5-75  6/5-75 2/5-75  10/5-60  6/5-60 2/5-60 10/5-45  6/5-45  2/5-45  (M/S) lg cus puo
1/05x108  8/69x10°  6/81x10°  8/27x10°  6/65x10°  5/19x10°  6/32x10°  5/35x10°  3/40x10°° 1
110x108  8/75x10°  8/43x10°  8/59x10°  6/97x10°  6/16x10°  6/48x10°  5/51x10°  3/73x10° 1/5
U14x10%  9/08x10°  8/59x10°  9/08x10°  7/02x10°  6/48x10°  6/65x10°  6/67x10°  3/89x10°° 2

Cewddn 2 MIS (6399 (slyd sy 9 15°C (slos 9 2/5mms

(82929 Sl sLe> (2al3-31 b 3l 3)90 0529 (Byaae (55l el
S5 Olipe o Sy GRIREIL & (She0 )3 )8 by ialS
Slon (Ml dgn (slod a3l gad Ly Galjél o3ug by
bl 5 e JE olie (T Ghalidl ol (aaliEl ) (399
Ao )3 g S (o gy (S (3,8 St e g e oSl

0329 (S pao (555!

Slod slace o g Lod o lradl gl (655l B pan joldo
oy LS (3) Joda )0 dlwgy (S SUid dawd iy g (5399

2SS ) ylesls
oS » olmedl

Jya.’xp dl)._‘ b'};ﬁ u_e).\a.o d)).vl Cuwl 04

0529 (Bras 55yl e cpyiin A8 duslxe (1) daly I dgy
Ao sy 3 474186 MIKG e ey oy Lmadls (¢l



1397 55— ;57 Bolocts 14 als oyl 1l 13 @slivo g pale loedsy & pis (34

1 oboj maitune pil ay dogi b g ol o iuljal 1y 9,8 Suts IS
P50 e 38 g a8l Gl ke (Bpms ofyg (5 e
Das and) szl cuws alie glis & (& pao o329 (555 oy

290 petioee bawgl dlde gult )8 Iy ials (6550 G pao
Motevali and Tabatabaei, 2017; )a—i bli—S
o Iy oy ioli8l L (Khoshtaghaza et al., 2015

Arora, 2018; Khoshtaghaza et al., 2015; Aghbashlo et

Oib Sis loj g adl, ials OT lod s S Jguamo
.(al., 2009b

S oo My I 55 (B pan oy (5 4 ) Wb oo SIS
Ole) e lod ey g Lod ol Loyl ydd )0 dowd s yu il 58]

Olomodl 098 5 eis 10 059 (B paao (S5 p dowd (o Sy 953939 STgd Shd ( 1gd S yw 12 J9u>
10/5-75 6/5-75  2/5-75 10/5-60 6/5-60  2/5-60  10/5-45 6/5-45 2/5-45 (M/s)lgr ey

186/55 167/32 130/62 251/20 220/05 186/71 263/09 248/66  207/95 1
259/86 24373 189/70 360/80 318/71 269/28 364/39 357/59  297/18 1/5
330/15 316/43 244177 463/94 416/55 344147 474/86 446121 446121 2

03l i cslio (Bjgel g wlial @l g (S3edngs n )
mas sladS b oS cub bl g o Jlb ol b ol sid
O3S Sis (Sil elss Giledde Gl a8 5l S
g o L YL cds gl a8 ubl o calisee baylyi )5 yloresls
Ailee o5 oo
o A Jgrs 53 0nd @l cilisee la (GGl e
Lo glomesls ogse gy iy oo b lp b w6
4 3o TAN -PUR- TAN sl b §3-6-5-1 s55lsnss
R®, MAE .MSE il oyl 3 48 1l o LM o2y,55])
Ot 5 Sl Cawday 0/9618 4 2/36x10°% 1/13x10°9 5 5
liol @b« 3-5-5-1 (5l L ooy (Bpae 5551 sl b
MSE =0/0852 LM 4z,,5_SJI L_TAN -TAN- TAN
5 R2=0/9773 , MAE =0/2144

DAY il (e (2 (Sgan mas A
0729 Brae $55 9 Fge Cagb,

cioie Sy ool g gpde WSl (ras laas
s 2Tl oslatl Ly (Bpmo (655 5 S50 Cagh) iy
Oy bt e il ) eolatl b e oIl 55 o3l bjgel
Slon (slod (23959 (5logp sy cdound s yu) (8399 (slayialyly
S5l 9 o Cugky Uiy cupd) (2o b syl g (2909
3 ohs BLal b ol (slaygy Sl ud ool (j55ge] (3 puae
-x-1 9 3-y-1 ¢)lows jlodlizul LY 9 X b ol Y
05 030y o 493 5 S b 4SS (glp i 31y

(Sidny L mas b aSd op i 5l Cand S0 4 Joos
oyt e 3 (525 Gl gl o oSl g bl plys
OS5 Sid ) glomedl oy (Bras 36l g Foe Cagb iy
Wl 005 4§D Jadn 0 4S jolailan dad o Lis 1) diwew

0319 (B pan (S5l 9 Cughy WIS b 390y 53 ANN Cilizee (gl yig guli -4 Jgua

Epoch  MAE R? MSE

Y p2 )y 49y laxd

bl b PEIPPCS | P WV ool )by

129 2/36x108 o918 1/13x10°%° 3-6-5-1
167 0/2144  0/9773  0/08251 3-5-5-1

TAN-PUR-TAN LM FFBP D
TAN-TAN-TAN LM FFBP  SEC

Eomdse ol Sl oiiae (aac ladSis jl oolatul b

Lok (Bpmae S5yl 9 yigo Cugb, idy Cupd (du i
PSO Jo 3! aalaw!
S o)l Cands sl b gy o yors aslis ;I S PSO

(sly sy 54 5 i Sl 2 b Sy g (o sleo
=S b jsbay e, (ol .(Hasanipanah et al., 2016) cul

SladS s bhuwg odd (o iar polie duslie Hhges D JSi

o Sy 390 (255 (Bly polie b (Sgiae oas
Wwgn (S St |y (Brmae Gl g Sge Cughy Uiy
Mo oy ey dlols bt ol a8 aad o lis 1) bl
9 019618 90 gl Lisy cupd (niin ly omes s
2 k8 o piagh el o 09773 059 B pae 550
90 S Ll , K0 WY giaze (40, SSid Ol oguad dyg o
(Motavali et al., 2013) Ui 4 (Tavakolipour et al., 2014)



735

w2 olmedliofig (S pan g5 9 Fen Cugh Gy o pd (S

Uas g g0jl ey 5l edlaiwl L g oo 1y Wyl ol o yiee

Ot ol S R29 Jils MSE &5 8 5,8 s
Al oo Condds 1L PSO (slajrally polio

4.00E-09 -

3.50E-09

w
=
=
m
=
=

2.50E-09
2.00E-09

1.50E-09

1.00E-09

Expermental data (Deff)

5.00E-10

0.00E+00 T T T T T T T 1
0 5E10 1E09 2E-09 2E-09 3E-09 3E-09 4E-09 4E-09

Predicated data (Deff)

Expermental data (SEC)

Y gase (13,5 St sladine] 3 el Sl (S p Smpia sl
idley lao 3) PSO pungi dob . cannl 0y odlaiiwl ¢ 5y9LiS

(moyal e oSS s ol dlaas elyly s (s | > IMATLAB
995 48,5 las Wb C, i clanl Clis g Cp 1008 Llis

140

120 1

S

R2=0.9773
¢
100 .
80 |
60 |
40

20 1

0 T T T T T T 1
0 20 40 60 80 100 120 140

Predicated data (SEC)

e 31 ol b (SEC) 2529 e 5551 9 ( Dy ) curgby ide cu o (oatlol p23lie Jrllio y oaBly podlis g i =5 S
LEPae mas

DRy 0 5 39151 50 PSO i (sl gy gl -6 Jouo

029 A ran 5551 9 Cush,y
MAE R2 MSE b
344x10° 0/9827 9/21x10? D
0/1869  0/9890  0/06810 SEC

0L PSO jlaslel b1y 055 (e 5550 5 fgo Cusb) iy
..)Jb.)gra

L ojg (Brae 85519 F90 Cagby (iSy cupd (S ol
GWO ;! sslaw!
5 o ol Jols GWO palie oy g 5l slaoMs T Joi
h olomesly padsias glayiall mpin LSS sl She
ioiey s WO o2)e Sl Jools b and oo LS
S Jodn ol el oas I8 Jods )3 Waodly dcgaxe
1) GWO 25,58 by R o oy 2t s MSE o
O JLs ol byl (losb ,bdle GWO 63 .l o
&5 T US55 odlisl S 5 I Sl (o)l Sl Ol
SBrae S5lg fee Cush) iy cups il GWO (o] Sen

2)50 slayielly sl ) PSO (sla i)l oyt O o>

ol La ol ol e o lis 4oyl dllis jo oalatul
Cayd eyl adal 59 ol SO ol xSl (il dlaad oniad
L Lo yehl ool sl eloinl (61530 copo 9 638 500
adllas (ol (gl it Lo g b s W g 905l g,

PSO (gl el (51 el Cawddy yo3lie =5 Jgio

ol Ak

300 olyd ol

1000 S5 slass
UBL6T  (Cy) (o8 cspok oy
08167 (C,) Leleisl pSob cuys

0/3984 il gl o3

039 (PSrae $5p) g Casb) LSy cops sla el i

o ieS (B) Ui 40 4295 b ok plosI PSO gy yloxedly
O3 o s Gmiin sl (MSE ) s claye (S5l 1
5 (1201X10°%) (ol syies w0y (Byme (55,51 5 Cagby

)_,I)) 0)=9 t_<>'9)—“a‘o L5))—’l dl)—J 9 0/9827 )_,I), w}b) ey
A awlee 0/9890



1397 55— ;57 Boylocs 14 alsr oyl 1l 13 @slio g pale loeddss 43 oo 130

Expermental data (D eff)

4.00E-09
3.50E-09 4
3.00E-09 §
2.50E-09 4
2.00E-09 4
1.50E-09 4
1.00E-09 4
5.00E-10 4

R%=0.9827

0.00E+00
0

SE10 1E09 2E-09 2509 3E09 3E-09 4E-09 4E-09
Predicated data (Deff)

(R?) s oy Mo T S5 & gy b omooo oL 1) o
o325 byae 535l sl 5 019915 il cugls) 3985 o (4l

Expermental data (SEC)

140 4

120 A

>

100 4

80

60 -

40 4

20 4

R?=0.9890

PSO

0 2 4 60 0 W00 120 10
Predicated data (SEC)

PSO 31 sslisal U ( SEC) a9 e (5551 5 ( D ) gy sy b oislejl sl Jalhis 13 (a8l jo3lin s sty =6 S

Expermental data (D eff)

GWO (s il 1y o0l Carwsdy pa3lis =7 Jouts

2 Sl
300 ol
1000 5 s

0319 (a0 S5yl g Cughy KISy pb 39l ;0 GWO ilisee sl (g, guli -8 Jguo

4.00E-09 §
3.50E-09 A
3.00E-09
2.50E-09 A
2.00E-09
1.50E-09 4
1.00E-09 4
5.00E-10 A
0.00E+00

0

MAE R? MSE  sl)b

3/44x10%  0/9915 921x10%2 D

0/0769  0/9986  0/00810 SEC
140

O 120
%100
% 80
g 60
=y
u% 201
5E-10 1E-09 2E‘-09 2E‘-09 SE‘-OQ SE‘-OQ 4E‘-09 4E‘-09 0 . 2‘0 4‘0 6‘0 8‘0 1(‘)0 12‘0 1‘;0
Predicated data (Deff) Predicated data (SEC)

GWO 1 oslizast b (SEC) 329 b e (55,31 5 ( Dygy ) gy iy oy el ool olh 13 a8l poolin g =7 JSud

S S ol pshatods Ad odliinl gy () Sid (leadl (35
WJlie glgiedn (g)lol @b duw bl dnwgy SYoleo I 3,Slas
5 (MAE ) g lhe (sl Lawgio (MSE ) s gy (1500
4 asls g o3lizl (R? )ass oy

0329 (Bpae 5551 9 Fae Cugh) ISy b Gt
dl)—) ¢ GWO9 PSO ANN ‘JJ_A dw ‘)_Aol> o JEl

S 3 o9 (Bpae 855l g Pge Cugb)y S oy Swiie



13T . 5 lomedly oag (o8 o (6551 3 g0 Caghy oy ot b it

sl S 3)90 (25 polhe bodrg (Bpae 55yl 5 Sge Cush)
0529 (Brae 5551 9 Hee Cagh) LSy qups oS 9w
Ay sledas jloalaiawl Uy Ty ylocedls oo diwan (3,5 Suis
Ghbl s eob blg .xad o Lis ANN 4 PSO « GWO (gl
GWO 2,63 dws o Ul 5l L5 cdryd 4D pitane bad
Eran S5l g Cugby GiSy o pd (Snphe > ANN 5 PSO
NS dden Cul (3,5 SUS (ygl 8 disej 1 ] (sjlodens
L e camlie bulg) 4 dogi b luosipe (008 il 4 6l
Sl oS 3 S0 onlpli: cunl (3,5 Sis ) (o e 5 oo
So Ulgi e & (S o g, sl Sl AL I S e
Sy cinb ) LT bl g sl sl YL 39l )8
2l s

e e s |y GWO 4 PSO ANN (cledio polio 9 Jgas
i it G cpl 3 GWO Jaw €85 9 Jpi> lii 4 2259 b
5 ly 00 b (6 So3lul slaodly SuSTy, .l PSO 3 ANN
GWO 4PSO cgiine ac 4SS glys S im sloodh
565 JSs il ol ons ools Lis 7 96 5 (sla JSis ,d cus jay
&5l 9 P Casb) (i cayd nihn & cud pasite
Eyan oras GbaSud b awlis > GWO Lawg ofg (b yan
w9 S0 ol 4ot ol ;18005 45° s 4, PSO
St W g Gy «Cpasle o] e sloyielly 4 PSO jloaia
Slgs o cplply g 0yl slayiel )l s GWO 3,65l Lol o)l
3 5se g 45 aal)lS claodhy o g poglhe clls
Loyl ol g a8 (6,505 slaps ;851 s PSO L dawslas
Al Ay cen

D0 b (i pdLie awslio 796 5 cla IS

GWO 5 PSO ANN ;1 o3lisiu! U ¢yl 33,5 Suid gl il s iy dmalio =9 Jgi

SEC

D 11

eff

GWO PSO ANN GWO

PSO ANN

0/0081 0/0681 0/0852 | 9/21x10°%
0/0769  0/1869 0/2144 | 3/44x107®
0/9986 0/9890 0/9773 | 0/9915

183x10%  6/88x10° MSE
1/58x10%  2/36%10%°  MAE
0/9827 0/9618 R2

‘1) $29)9 dlyb Sy duw (75°C 9 60 ‘45) $29)9 leyb L5L°‘>
g Ao sy LS Lol Lis ol ol wyy (2 M/S 5 1/5
olomely s Sis ol «e09y9 sl slon glod Jalié)
doud Cas g &y by ad Siis yloj (o ieS b o ials
oy D9 2 MIS (63959 (sloa sy g 10°C (clad 2/5 mm/s
3/40x107° obredl (gl diwgn oF Siid > Sge Cugby it
s (5550 ke S el cuwsay 1/14x10°8 ms s
Cogby LSy oy muie g b Jols 474/86 MI/kg
25 JIGWO 4 PSO ANN 5, Slas (sla s i b odlatul
GWO Jao sly o o s cp5YL cosal cundes ol ol
ANN I 2 PSO (sl Jae R? o a5 o 55 cel sy
ly 30 MSE 1Sibe (clbas jlade oy 5208 b (505 (ggm 5l 09
ol mls (s yS s o olpeds el Cunsts GWO o
D ANN Juo s PSO Juo b duslio 1> GWO llys a8 s o

Al o pdi 039 (Bpae 55l g Cughy (5 o ps dniin

IS5 31 ot GWO 98I 5, adsles 4y a5

oy opl bl o gomiws glad j> Claasl ay oads o3 olassl]
Bblis (0,5 iy 4y y oo 45 Cunl goius slad 3l Gl
> Gl il (al 2580 siluaie Job ) s s
oyt at>yo 53 GWO )5 SN &S Sloj (i (oo i 355
oly 1 YL slacids glyy Jdo cpl @ ol bt cnl (gl p
L oi)s- S cpl &S ol GWO 5,68l Loy o a31)) (sl J>
Pty ()b oyt 5 BLST Jolos olyl & jaome (sloyial)ly
Sl i Joloe colia adiear GWO 3,5 Sl iad o
ool D) 03 et (lad i sy Al bl I g o see
izl (oo g Sl BL3S1 1) 43 GWO S

Song et ) selosl o lojen Hobds gy (2] Nen g (oxe dite
(al., 2015

(S 5 o
OSSiS  SL Y Ojgon el (b SiS L8)
aw (10/5 mm/s 4 6/5 2/5) aes ey g5 dus )3 dwrgy



1397 55— ;57 Boylocs 14 alsr oyl 1l 13 @slio g pole loeddss 43 2o 138

&l

Aghbashlo, M., Kianmehr, M.H., Arabhosseini, A., & Nazghelichi T., 2011, Modelling the carrot thin-layer drying in a
semi-industrial continuous band Dryer. Czech Journal of Food Science. 29 (5). 528-538.

Aghbashlo, M., Kianmehr, M.H., & Arabhosseini, A., 2009a, Modeling of thin-layer drying of potato slices in length of
continuous band dryer. Energy Conversion and Management, 50, 1348-1355.

Aghbashlo, M., Kianmehr, M.H., Arabhosseini, A., 2009b, Performance analysis of drying of carrot slices in a semi-
industrial continuous band dryer. Journal of Food Engineering, 91, 99-108

Amiri Chayjan R., Kaveh M., & Khayati S., 2017, Modeling some thermal and physical characteristics of terebinth fruit
under semi industrial continuous drying. Journal of Food Measurement &Characterization, 11, 12-23.

Amiri Chayjan, R., & Kaveh M., 2016, Drying characteristics of eggplant (Solanum melongenalL.) slices under
microwave-convective drying. Research in Agricultur Engineering, 62(4), 170-178.

Amiri Chayjan, R., Kaveh, M., & Khayati, S., 2014, Modeling some drying characteristics of sour cherry (Prunus
cerasusL.) under infrared radiation using mathematical models and artificial neural networks. Agricultur
Engineergin International: CIGR Journal, 16(1), 265-279.

Amirsadri, S., Mousavirad, S.J., & Ebrahimpour-Komleh, H., 2017, A Levy flight-based grey wolf optimizer combined
with backpropagation algorithm for neural network training. Neural Computing & Applications, DOI
10.1007/s00521-017-2952-5 (In Press).

Armaghani, D.J., Shoib., R.S.N.S.B.R., Faizi, K., & Rashid, A.S.A., 2017, Developing a hybrid PSO-ANN model for
estimating the ultimate bearing capacity of rock-socketed piles. Neural Computing & Applications, 28(2), 391-405.

Beigi, M., 2017, Mass transfer parameters of celeriac during vacuum drying. Heat & Mass Transfer, 53(4), 1327-1334.

Chakraborty, S., Sarma, M., Bora, J., Faisal, S., & Hazarika, M.K., 2016, Generalization of drying kinetics during thin
layer drying of paddy. Agricultur Engineergin International: CIGR Journal, 18(4), 177-189.

Darici, S., & Sen, S., 2015, Experimental investigation of convective drying kinetics of kiwi under different conditions.
Heat & Mass Transfer, 51(8), 1167-1176

Das, I., & Arora, A., 2018, Alternate microwave and convective hot air application for rapid mushroom drying. Journal
of Food Engineering, 223, 208-219.

Dehghannya, J., Hosseinlar, S., & Heshmati M.K., 2018, Multi-stage continuous and intermittent microwave drying of
quince fruit coupled with osmotic dehydration and low temperature hot air drying. Innovative Food Science and
Emerging Technologies. 45, 132-151.

Doymaz, 1., 2012. Prediction of drying characteristics of pomegranate arils. Food Analytical Methods, 5, 841-848.

F.A.O. Statistics. 2010 www.FAO.org.

Fazaeli, M., Emam-Djomeh, Z., Omid, M., & Kalbasi-Ashtari, A., 2013, Prediction of the physicochemical properties
of spray-dried black mulberry (Morus nigra) juice using artificial neural networks. Food & Bioprocess Technology,
6, 585-590.

Ghaderi, A., Abbasi, S., Motevali, A., & Minaei, S., 2012, Comparison of mathematical model and artificial neural
network for predication of drying kinetics of mushroom in microwave- vacuum dryer. Chemical Industry &
Chemical Engineering Quarterly, 18 (2), 283—293

Ghasemi, E., 2016, Particle swarm optimization approach for forecasting backbreak induced by bench blasting. Neural
Computing & Applications, 28(7), 1855- 1862.

Gordan, B., Armaghani, D.J., Hajihassani M., & Monjezi, M., 2016, Prediction of seismic slope stability through
combination of particle swarm optimization and neural network. Engineering with Computers, 32(1), 85-97.

Hajihassani, M., Jahed Armaghani, D., Sohaei, H., Tonnizam Mohamad, E., & Marto, A., 2014, Prediction of airblast-
overpressure induced by blasting using a hybrid artificial neural network and particle swarm optimization. Applied
Acoustics, 80, 57-67.

Hasanipanah, M., Amnieh, S.B., Arab, H., & Zamzam, M.S., 2016, Feasibility of PSO-ANFIS model to estimate rock
fragmentation produced by mine blasting. Neural Computing & Application. DOI 10.1007/s00521-016-2746-1(In
Press).

Horuz, E., Bozkurt, H., Karatas, H., & Maskan, M., 2018, Simultaneous application of microwave energy and hot air to
whole drying process of apple slices: drying kinetics, modeling, temperature profile and energy aspect. Heat and
Mass Transfer, 54(2), 425-436.

Junqueira, J.R.D.J., Correa, J.L.G., & Ernesto, D.B., 2017, Microwave, convective, and intermittent microwave—
convective drying of pulsed vacuum osmodehydrated pumpkin slices. Journal of Food Processing & Preservation.
DOI: 10.1111/jfpp.13250. (In Press)

Kamboj, V.K., 2016, A novel hybrid PSO-GWO approach for unit commitment Problem. Neural Computing &
Applications, 27(6), 1643-1655.

Karakuzu, C., Karakaya, F., & Cavuslu, M.A, 2016, FPGA implementation of neuro-fuzzy system with improved PSO
learning. Neural Networks, 79, 128-140.

Kara, C., & Doymaz, l., 2015, Effective moisture diffusivity determination and mathematical modelling of drying



739 L. 5 lomesly o3rg (o8 o (65501 3 g0 Caghy Gy ot pd it

curves of apple pomace. Heat and Mass Transfer, 51(7), 983-989.

Kaveh, M., & Amiri Chayjan, R., 2017, Modeling thin-layer drying of turnip slices under semi-industrial continuous
band dryer. Journal of Food Processing & Preservation, 41(2), e12778.

Kaveh, M., & Amiri Chayjan, R., 2015, Mathematical and neural network modelling of terebinth fruit under fluidized
bed drying. Research in Agricultur Engineering, 61(2), 55-65

Kennedy, J, & Eberhart, R., 1995, Particle swarm optimization, IEEE international conference on neural networks,
Perth, Australia, 1942—-1948.

Khoshtaghaza, M.H., Darvishi, H., & Minaei, S., 2015, Effects of microwave- fluidized bed drying on quality, energy
consumption and drying kinetics of soybean kernels. Journal of Food Science & Technology, 52(8), 4749-4760

Mahjoorian, A., Mokhtarian, M., Fayyaz, N., Rahmati, F., Sayyadi, S., & Ariaii, P., 2016, Modeling of drying kiwi
slices and its sensory evaluation. Food Science & Nutrition. 5(3), 466-473.

Motevali, A., Tabatabaei S.R., 2017, A comparison between pollutants and greenhouse gas emissions from
operation of different dryers based on energy consumption of power plants. Journal of Cleaner Production. 154,
445-461.

Medjahed, S.A., Saadi, T. A., Benyettou, A., & Ouali, M., 2016, Gray Wolf Optimizer for hyperspectral band selection.
Applied Soft Computing, 40, 178-186.

Mirjalili, S, Mirjalili, V., & Lewis, A., 2014, Grey wolf optimizer. Advances in Engineering Software, 69, 46—61.

Motavali, A., Najafi, G.H., Abbasi, S., Minaei, S., & Ghaderi, A., 2013. Microwave-vacuum drying of sour cherry:
comparison of mathematical models and artificial neural networks. Journal of Food Science and Technology, 50(4),
714-722

Saghatforoush, A., Monjezi, M., Faradonbeh, R.S., & Armaghani, D.J., 2016, Combination of neural network and ant
colony optimization algorithms for prediction and optimization of flyrock and back-break induced by blasting.
Engineering with Computers, 32 (2), 255-266.

Song, X., Tang, L., Zhao, S., Zhang, X., Li, L., & Huang, J., Cai, W., 2015, Grey wolf optimizer for parameter
estimation in surface waves. Soil Dynamics and Earthquake Engineering, 75, 147-157.

Sulaiman, M.H., Mustaffab, Z., Mohameda, M.R., & Aliman, O., 2015, Using the gray wolf optimizer for solving
optimal reactive power dispatch problem. Applied Soft Computing, 32, 286-292.

Tavakolipour, H., Mokhtarian, M., & Kalbasi-Ashtari, A., 2014, Intelligent monitoring of zucchini drying process based
on fuzzy expert engine and ANN. Journal of Food Process Engineering, 37(5), 474- 481



Iranian Food Science and Technology @ ; ) R . e
Research Journal z 3 oot olnl 188 @buo g pole Sleddgy 4 i
Vol. 14, No. 5, Dec- Jan 2019, p. 725-741 Vi e A Ay 725-741 . p 1397 (g0 - 4315 o,lois 14 ul

Prediction of effective moisture diffusity and specific energy consumption of
eggplant in continuous band drying using some novel methods
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Introduction: Eggplant (Solanum melongenal.) is being cultivated in North America, Asia and the

Mediterranean area. Its limited shelf life is one of the important restrictions in the trade of eggplant as a fresh
product. Drying is one of the most current methods used to maintenance agricultural products. This process
improves the food stability, since it reduces significantly the water and microbiological activity of the material
and minimizes physical and chemical changes during its storage. Dynamic modeling of drying characteristics for
various agricultural products, including artificial intelligence techniques that include artificial neural networks
(ANNS), particle swarm optimization (PSO) and grey wolf optimizer (GWQO) Which has attracted a lot of
attention recently, because the ability to learn from these systems to detect fruit and vegetable behaviors is a
complex process in which mathematical models simply do not apply in recent decades. The main objective of
this research was to determine the effective moisture diffusivity, and specific energy consumption of eggplant
slices with a semi-industrial continuous band dryer. Moreover, some novel methods including ANN, PSO and
GWO as an approximating tools were developed and evaluated for prediction of Deff and SEC of the process.

Materials and methods: Freshly harvested eggplant were purchased from a local market and stored in the
refrigerator at about 4°C for experiments. The initial moisture content of eggplant was determined by oven
method. About 40 g of eggplant slice (4 mm thickness) with three replicates were dried at 70°C for 24 h.
Eggplant slice with average initial moisture content of 10.25% (d.b.) was chosen as the drying material.

The dryer consists of an adjustable centrifugal blower, hot air suction tube, heater, control panel, air channel
to uniform distribution of hot air, drying chamber, Belt (20 cm, 200 cm), three inverters (LS, Korea),
temperature and humidity sensors, electrical motor, removable upper part, base, shafts, three infrared lamps
(Philips, Belgium) and belt guide. The experiments were performed at air temperatures of 45, 60, and 75C, air
velocities of 1, 1.5, and 2 m/s, and belt linear speeds of 2.5, 6.5, and 10.5 mm/s. Feed and cascade forward neural
networks were used in this study. There are two types of multilayer perceptron neural network. Two training
algorithms including LevenbergMarquardt (LM) and Bayesian regulation (BR) back propagation algorithms
were used for updating network weights. The PSO is a simple, powerful and metaheuristic technique that can be
applied to solve optimization problems. In the PSO model, every solution is showed as a particle that is alike to a
bird flying via the space of a potential solution. In order to mathematically model the social governance of
wolves when designing Grey Wolf Optimizer (GWO), assume the fittest solution as the alpha (o).

Consequently, the second and third best solutions are named beta ( 5 ) and delta (O ), respectively.

Results and discussion: In the present study, the application of Artificial Neural Network (ANN), particle
swarm optimization (PSO) and grey wolf optimizer (GWO) for predicting the D, and SEC was investigated.

Based on several statistical operates [such as coefficient of correlation (RZ) and mean-square error (MSE),
mean absolute error (MAE )], for predicting D,; and SEC was found that the GWO (R?=0.9915, R*

=0.9986, Respecively) performs better than the PSO (with R®=0.9927, R?=0.9890) and ANN (with R?=

0.9618, R? =0.9773) models. Drying behavior of eggplant slices at different air temperatures of 45, 60, and 75C,
air velocities of 1, 1.5, and 2 m/s and belt linear speeds of 2.5, 6.5, and 10.5 mm/s was studied. The moisture
ratio was reduced exponentially with drying time as expected. When the temperature was increased, the drying
time eggplant fruit reduced. In other words, at high temperatures, the transfer of heat and mass was higher and
the water loss was more excessive. Effective moisture diffusivity and specific energy consumption were
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calculated after drying of turnip fruit. Maximum values of D, for eggplant were 1.14x10® m?/s. The lowest

amount specific energy consumption (SEC ) was calculated at the boundary of 130.62 MJ/kg.
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